Contemporary models of learning and memory (Frey et al. 1990 (Frey et al. , 2001 Bailey et al. 2000a,b; Almaguer-Meliana et al. 2005) propose that heterosynaptic modulation during a learning event serves to stabilize Hebbian mechanisms of synaptic plasticity, thereby increasing the persistence of associative neural changes underlying several forms of learning and memory, including classical (Pavlovian) conditioning. This model suggests an evolutionary hypothesis: that evolutionary change in nonassociative heterosynaptic modulation should be associated with a concomitant change in the duration of associative memory.
A test of this hypothesis is afforded by the recent discovery of interspecific variation in nonassociative behavioral sensitization, and the heterosynaptic modulation that underlies it, in opisthobranch relatives of the model species, Aplysia californica. Modulation is produced by application of the modulatory transmitter, serotonin (Wright et al. 1996; Erixon et al. 1999) , or by strong stimulation of peripheral nerves . Both of these nonassociative manipulations cause neuromodulatory changes in sensory-neuron firing properties of Aplysia, but their effects on two related species are much weaker. Specifically, in Dolabrifera dolabrifera, no serotonin-induced changes are observed, and a cladistic analysis (Wright et al. 1996 ) strongly suggests that this absence is due to a relatively recent evolutionary loss of response by sensory neurons to applied serotonin. Furthermore, stimulation of peripheral nerves has no effect on sensory neurons, and behavioral experiments (Wright 1998) confirm the complete lack of sensitization (short-or long-term) or dishabituation. In Phyllaplysia taylori, the modulatory effects of noxious stimulation of sensory neurons although significant, are weaker than those observed in Aplysia. This is likely due to inhibition by unknown mechanisms, because serotonin release ) and the response of sensory neurons to serotonin (Wright et al. 1996) , are indistinguishable from that of Aplysia. At the behavioral level, Phyllaplysia shows only very limited sensitization (Erixon et al. 1999) .
If the above general model of the role of neuromodulation in classical conditioning is correct, then we would predict that the memory of classical conditioning should be of longer duration in Aplysia, whose neuromodulatory signal is strong, than in Dolabrifera, whose neuromodulatory signal is nil. Phyllaplysia, whose neuromodulatory signal and sensitization is weak, is expected to show associative memory intermediate between the other two species. The experiments presented here are consistent with these predicted patterns of associative memory and thereby support the evolutionary hypothesis that interspecific variation in nonassociative heterosynaptic modulation and sensitization has predictable consequences for the associative memory of classical conditioning.
Results
We classically conditioned the tail-mantle withdrawal reflex of all three species using a differential conditioning protocol: Mild touch to one side of the tail was paired with a noxious electrical stimulus to the neck. Mild touch to the other (unpaired) side of the tail served as an internal control for the pairing-independent effects of the stimuli. Thus, we could compare the reflex amplitudes of paired and unpaired reflexes, before and after training.
The tail-mantle withdrawal reflex before training was qualitatively and quantitatively similar in all three species (average withdrawal time, Aplysia: 11.4 ‫ע‬ 0.4 sec; Dolabrifera: 11.6 ‫ע‬ 0.6 sec; Phyllaplysia: 13.4 ‫ע‬ 0.9 sec) (see also Wright 1998; Erixon et al. 1999) . Furthermore, all three species responded in the same way to the application of the noxious stimulus: strong withdrawal, release of defense secretions (ink and/or opaline), and rapid locomotion for 5-10 min after the shock. Furthermore, all three species showed significant associative learning in response to classical conditioning. However, the time-course of this associative memory showed evidence of heterogeneity across species.
In Aplysia, differential conditioning enhanced the tailmantle withdrawal reflex on the paired side of the tail, relative to the unpaired side (Fig. 1) . In each of the four post-tests, the Paired side mean was higher than that of the Unpaired side. Inspection of Figure 1 suggests a gradual development of learning over the last three post-tests, but statistically, only the last test (30 min) trended above baseline (paired students t-tests with Bonferroni corrections for multiple comparisons; mean ‫ע‬ SEM, 4.2 ‫ע‬ 1.5; P Յ 0.10). Nevertheless, the consistent difference across the posttests resulted in a significant Training effect (F (1,101) = 6.3; P = 0.014) in a two-way (Trials, Training) repeated measures ANOVA. This significant learning did not change significantly across trials (Training X Trials interaction; F (6,101) = 1.1; P = 0.133). Limiting the ANOVA exclusively to post-test reflexes strengthened the Training effect somewhat (Training, F (1,51) = 8.0, P = 0.007), again without significant interaction (F (3,51) = 0.9; P = 0.459) effects. Thus, the ANOVA detected a strong effect of training integrated across all four post-tests, even though only one post-test (the last one) showed one-tailed significance. This suggests that the associative effects of classical conditioning throughout much of the post-test period contribute to the observed learning.
In sharp contrast to Aplysia, whose associative memory developed slowly and lasted relatively long, differential conditioning in Dolabrifera was expressed early and disappeared quickly (Fig. 2) . Repeated measures ANOVA on the entire data set did not detect a significant Training effect (F (1,115) = 1.6; P = 0.2). This is likely due to an almost significant interaction of Training*Trials (F (6,11) = 2.035; P = 0.066). Repeating the analysis on the post-training reflexes, exclusively, confirmed a significant Trial*Training interaction (F (3,6) = 3.086; P = 0.034) with no main effect of Training (F (1,6) = 1.5; P = 0.2). Thus, the associative memory of classical conditioning in Dolabrifera changed significantly during the post-test period. Paired students t-tests (with Bonferroni correction) on the post-test data indicated significant classical conditioning at the 15-min test ( Fig. 2 ; PairedUnpaired = 5.3 ‫ע‬ 1.3 sec; t = 4.2; P Յ 0.05), but not at any other tests. As in Aplysia, only the reflex on the paired side of the tail was elevated relative to pre-training, although not significantly (14.6 ‫ע‬ 1.6 sec vs. 9.0 ‫ע‬ 0.7 sec; P < 0.20) (Fig. 2) . There appeared to be some delayed sensitization in both paired and unpaired reflexes in the last two post-tests, but these were not significantly above the pre-tests.
In order to compare statistically the behavioral responses of Dolabrifera to those of Aplysia, we performed a repeated measures ANOVA on the combined reflex amplitude data with Species as a between-group factor and Trials and Training as within-group (repeated measure) factors. Reflex amplitude (collapsed across Training and Species) varied significantly across Trials (F (6,218) = 3.2; P = 0.005), reflecting both associative and nonassociative changes in reflex amplitude. In addition, the clear evidence of training-induced separation between Paired and Unpaired reflexes in both species (Figs. 1, 2 ) was reflected in a significant effect of Training (F (1,217) = 6.2; P = 0.014). Finally, there was a significant three-way interaction (Species*Trial*Training; F (6,21) = 2.4; P = 0.028), indicating that differential conditioning across trials differed between Aplysia and Dolabrifera. To further clarify these effects, we ran the same three-way ANOVA exclusively on the post-test reflexes. This abolished the effect of Trials (F (3,114) = 1.4; NS), but both Training (F (1,113) = 7.0; P = 0.009) and the three-way interaction (F (3,113) = 3.0; P = 0.032) still showed significant effects (see Aplysia and Dolabrifera, Fig. 4 , below), indicating that the training caused a significant memory of classical conditioning regardless of species, and that the timecourse of this memory differed significantly between the two species.
Aplysia and Dolabrifera represent two extremes in heterosynaptic neuromodulation and sensitization, with Aplysia showing Figure 1 . Aplysia showed differential conditioning that was not expressed until 30 min after training. Shown are mean ‫ע(‬ SEM) tail-mantle withdrawal durations before (negative time) and after (positive time) differential conditioning consisting of five pairings (20 min) of a tactile tail stimulus (paired) with noxious electric shock to the neck. Unpaired tactile stimuli were delivered exactly between the paired stimuli. The dashed line with triangles indicates the calculated difference between the reflex withdrawal of the paired and unpaired stimuli. + Indicates marginal statistical difference from pre-training baseline (repeated measures t-test with Bonferroni correction, two-tailed, P Յ 0.05). . Dolabrifera showed significant differential conditioning that lasted no more than 20 min after training. Only the first post-test showed a significant difference between the paired and unpaired reflexes. * Indicates statistical difference from pre-training baseline (repeated measures t-test with Bonferroni correction, two-tailed, P Յ 0.05).
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www.learnmem.org strong evidence of both, and Dolabrifera showing no evidence of either (Wright et al. 1996; Wright 1998; Marinesco et al. 2003) . We decided to test for classical conditioning in a third aplysiid, Phyllaplysia taylori, which was previously observed to have limited heterosynaptic modulation in response to nerve shock and only localized sensitization in response to noxious stimuli (Erixon et al. 1999; Marinesco et al. 2003) . This species was thus expected to show intermediate duration of memory for classical conditioning. Consistent with this prediction, Phyllaplysia showed significant classical conditioning only during the first test, 15 min after training (Differential = 3.5 ‫ע‬ 1.1 sec; P Յ 0.05) (Fig. 3) . Unlike the other two species, both Paired and Unpaired reflexes in Phyllaplysia were at least somewhat elevated by training. However, only the Paired reflex was significantly greater than pre-test baseline (6.4 ‫ע‬ 1.7 sec; P Յ 0.01). Because both Paired and Unpaired increased, repeated measures ANOVA produced a significant effect of Trials (F (6,229) = 3.8; P = 0.001), but no associative main effect (Training; F (1,229) = 0.7; NS). When we repeated the ANOVA without the pre-tests, the Trials effect was reduced, though still significant (F (4,121) = 2.7; P = 0.033), but now the effect of Training was significant (F (1,119) = 4.1; P = 0.046) as well. Note that in neither case did we see a significant interaction between Trial*Training such as we saw in Dolabrifera. These ANOVA results suggest that in Phyllaplysia, the memory for classical conditioning lies somewhere between that of Dolabrifera and Aplysia. Like Dolabrifera, the greatest learning occurred on the first post-test. Like Aplysia, temporal heterogeneity in learning (Training*Trial interaction) was reduced to nonsignificant levels.
We tested the ANOVA (post-tests only) of Phyllaplysia versus the other two species individually. Neither of these ANOVAs showed the three-way interaction of the Dolabrifera versus Aplysia ANOVA (versus Aplysia, F (3,170) = 0.9, NS; versus Dolabrifera, F (3,179) = 0.9, NS). These between-species ANOVAs indicate that, although the time course of memory in Phyllaplysia may lie between that of Dolabrifera and Aplysia (Fig. 4) , the variation around that time course precludes the possibility of statistically distinguishing Phyllaplysia from either of the two other species.
Discussion
These experiments demonstrate significant classical conditioning in the tail-mantle withdrawal of three species of Opisthobranch mollusks. In addition, they also suggest heterogeneity in the time course of the associative memory for the conditioning.
In Aplysia, the consistently positive withdrawal difference scores ( Fig. 1 ) and significant Training effect (repeated measures ANOVA, P = 0.007), without a significant Training X Trials interaction, suggests a persistent memory of classical conditioning across the four post-tests. There appears to be a gradual onset of conditioning, perhaps beginning as soon as the second (20-min) post-test. However, this interpretation must be tempered by the fact that only the last withdrawal reached one-tailed significance. Nevertheless, it is likely that some memory of the conditioning is expressed during the last three post-tests. We also think it likely that the conditioning persists long after the 30-min test. Previous studies in Aplysia, using the gill and siphon withdrawal reflex, show prolonged classical conditioning (to 24 h) (Carew et al. 1981 (Carew et al. , 1984 Hawkins et al. 1986 ) after the same five-trial protocol used in the present study (see further discussion below).
The apparent delay in expression of conditioning in Aplysia (Fig. 1) is similar to the gill withdrawal reflex (Carew et al. 1981) , where expression of a conditioned response is delayed for at least 5 min. Recent differential conditioning experiments (also using five training trials) in the gill withdrawal of Aplysia (J.A. Shekib, D.L. Glanzman, and W.G. Wright, unpubl.) similarly suggest that classical conditioning is not expressed 5 min after training, and that full expression of classical conditioning is not realized until sometime after 15-min post-training. Finally, studies of sensitization in the siphon withdrawal reflex indicate delayed expression of sensitization until 20-30 min after a noxious stimulus (Carew et al. 1981; Mackey et al. 1987; Marcus et al. 1988) . This is likely due to the recruitment of inhibitory processes that mask sensitization (Mackey et al. 1987; Wright and Carew 1995) . In the present study, we observed a delay in expression of classical con- ditioning of 20-30 min, broadly consistent with these previous studies. It is worth noting that a neural analog of differential conditioning applied to the monosynaptic connections between sensory neurons and their followers mirrors classical conditioning, but without any delay Walters and Byrne 1983 ; see also Eliot et al. 1994a) , suggesting that the behavioral delay in expression depends on interneuronal loci rather than sensory neuron transmitter release. Other than one abstract (Ingram and Walters 1984) , there are no previous publications of classical conditioning in the tail-mantle withdrawal reflex. Taken together, these results in Aplysia suggest that associative memory for classical conditioning after five training bouts may be inhibited for up to 15 min, and likely lasts substantially longer than our 30-min test period.
In Dolabrifera, conditioning was only observed at the 15-min post-test, dropping to baseline by 20 min after the end of training (Fig. 2) . This short associative memory may relate to previous research on neuromodulation and nonassociative learning in Dolabrifera (Wright et al. 1996; Wright 1998) . That research showed that, unlike Aplysia, tail-sensory neurons in Dolabrifera are completely unresponsive to applied serotonin, and a cladistic analysis of the phylogenetic distribution of that response in related species strongly suggests that unresponsiveness to be a derived trait, that is, a trait lost from a recent ancestor that possessed it (Wright et al. 1996) . Consistent with this loss, strong stimulation of peripheral nerves in Dolabrifera induces no change in sensory neuron firing properties . In contrast, such stimulation causes robust changes to sensoryneuron firing properties in Aplysia (Walters et al. 1983; Marinesco et al. 2003) . These neurobiological differences in modulatory phenotype extend to the behavioral level as well: Dolabrifera shows no evidence of dishabituation or short-or long-term sensitization following noxious stimuli, which routinely causes both forms of learning in Aplysia (Wright 1998) . Combining previous and present observations, we hypothesize that the evolutionary loss of the neuromodulatory response of sensory neurons to serotonin in the lineage leading to Dolabrifera not only blocked the expression of sensitization in this species, but also sharply reduced the associative memory for classical conditioning. Clearly, analyzing the associative memory of Dolabrifera at synaptic and cellular levels is a critical next step in order to further test this hypothesis.
Although the evidence from Phyllaplysia is less compelling, it suggests an intermediate pattern. We observed significant learning in Phyllaplysia, and the temporal pattern of that learning (Fig. 4) suggests a slightly longer memory than observed in Dolabrifera, yet shorter than that of Aplysia. However, direct statistical comparisons of this time course between Phyllaplysia and the other two species (repeated measures ANOVA) revealed no significant species differences for either comparison. Thus, the evidence for intermediate memory is relatively weak. Nevertheless, if the memory is indeed intermediate, it is consistent with the intermediate level of serotonin signaling and sensitization observed in Phyllaplysia (Erixon et al. 1999; Marinesco et al. 2003) .
Our experiments used a common five-trial protocol to induce short-term memory of classical conditioning in Aplysia, a protocol that produces memory lasting for many hours in the siphon and gill withdrawal reflexes (Carew et al. 1981 ). This same protocol, applied to Dolabrifera and Phyllaplysia enhanced the reflex on the paired side of the tail for only 15 min in Dolabrifera, and perhaps a little longer in Phyllaplysia. However, because we did not test the reflex beyond 30 min, there is a possibility that an associative memory in these two species would be observable at later times. Although such a biphasic memory has been observed in associative memory of other invertebrates (Greggers and Menzel 1993; Menzel 1999) , and even in Aplysia after sensitization training Sutton et al. 2001 Sutton et al. , 2004 , there is little evidence of this in classical conditioning studies in Aplysia. Furthermore, sensitization experiments in Dolabrifera show no evidence of either short-term (1 h) or longterm (24 h) memory (Wright 1998) . This is particularly interesting in light of the apparent trend toward sensitization (both paired and unpaired reflexes above pre-test levels) in Figure 2 . Although these reflexes never rise to even the level of one-tailed significance, the pattern suggests that the possibility of late learning is not altogether excluded. To conclude, the fact that we did not test beyond 30 min leaves open the possibility for a biphasic associative memory that future studies will need to address.
A related issue is that we do not know how other protocols might affect memory in the tail-mantle withdrawal circuit, either for Aplysia, or for the other two species. The idea that neuromodulation by serotonin can stabilize the synapses that support the memory of classical conditioning (Bailey et al. 2000a,b; see below) , suggests that increasing the number of trials would lengthen the duration of the associative memory. Indeed, experiments in the SWR and GWR in Aplysia showed that tripling the number of training trials creates a long-term memory that lasts much longer (many days). Such long-term classical conditioning would be of considerable interest, not only in the tail-mantle withdrawal reflex of Aplysia, but also of the other two species as well. The general model of serotonin as a stabilizer of the synaptic underpinnings of associative memory for classical conditioning would predict that tripling the number of trials would cause little or no memory change in Dolabrifera, in which sensory neurons are not modulated by serotonin, a slight increase in memory in Phyllaplysia, in which serotonin signaling is muted, and the same profound increase observed in other reflexes in Aplysia, a species with robust serotonin modulation of reflex circuitry. Clearly such long-term studies of classical conditioning are of primary interest.
Even without the extensive parametric study of classical conditioning in Dolabrifera and Phyllaplysia required to address the above caveats, the results of the present study are consistent with recent models of associative learning. Such models propose that associative synaptic plasticity is stabilized into a lasting memory by heterosynaptic modulation (Bailey et al. 2000a; Frey et al. 2001) . They stem from observations in vertebrates as well as invertebrates. For example, a widely used mammalian model of associative synaptic plasticity, long-term potentiation (LTP), produces much longer-lasting changes in synaptic strength in the presence of heterosynaptic modulation by dopamine or norepinephrine than when such modulation is blocked (Frey et al. 1990; Almaguer-Meliana et al. 2005) . Similarly, stimulation of the modulatory amygdalar region is necessary for long-term associative memory of fear conditioning (McGaugh 2000) . In Aplysia, potentiation of a sensorimotor synapse after tetanus of the sensory neuron is prolonged when co-occurring with release of the modulatory transmitter, serotonin (Eliot et al. 1994a; Bailey et al. 2000a,b) . Thus, in a wide variety of systems, heterosynaptic modulation appears to "stabilize" synaptic changes induced by associative (Hebbian) protocols. A reasonable extension of these models predicts that the evolutionary loss of modulation by serotonin in Dolabrifera (Wright 1998 ), and the relatively lower level of modulation caused by noxious stimuli in Phyllaplysia , should limit the stability of associative memory in these species relative to Aplysia, whose heterosynaptic modulation and behavioral sensitization in response to noxious stimuli is robust (e.g., Walters et al. 1983; Wright 1998; Marinesco et al. 2003; Bristol et al. 2004 ; for review, see Barbas et al. 2003) . The results of the present study are consistent with that prediction, thereby strengthening the idea that evolutionary Phylogenetic correlation between memory and modulation
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www.learnmem.org variation in nonassociative learning and neuromodulation is related to concomitant change in the persistence of associative memory. It is important to note that in neither Phyllaplysia nor Dolabrifera do we see any evidence of a diminution of the sensory detection of the US. Both species showed similar behavioral thresholds to electrical stimulation as observed in Aplysia, and their responses to the noxious stimulus were fully comparable, including strong withdrawal, balling up, and the release of ink and/or opaline. Thus, the neuromodulatory response appears to be selectively reduced or eliminated, without obvious concomitant reductions in other responses to the noxious stimulus.
Not all mechanistic models predict robust classical conditioning with a shorter memory in a species that is missing nonassociative neuromodulatory signaling. An older synaptic model of classical conditioning in Aplysia ) views classical conditioning as a variation of sensitization-related heterosynaptic facilitation following noxious stimulation, a modulation that causes a general nonassociative enhancement or sensitization of reflex strength. Associative memory is formed when such facilitation is amplified in any particular reflex circuit that is activated just before a noxious stimulation, as would occur during classical conditioning. This model strongly predicts that a species lacking heterosynaptic facilitation, even if all other reactions to noxious stimulation remain intact, should show no classical conditioning, since the very basis of that conditioning is removed. That prediction is not supported by the present study, which showed clear classical conditioning in Dolabrifera, a species lacking neuromodulation of sensory neurons by serotonin or noxious stimuli (Wright et al. 1996) . In contrast, an extension of the more recently articulated Hebbian view of classical conditioning in Aplysia (Bailey et al. 2000a,b) would predict that a species like Dolabrifera should show short-lasting conditioning, reflecting Hebbian synaptic plasticity without stabilization by serotonergic heterosynaptic modulation (Eliot et al. 1994a,b) . This prediction is fully consistent with the present results.
The idea that associative memory is more stable when it is formed in the context of increased modulation does not explicitly specify what process might degrade that memory. Thus, we do not know whether the rapid decrease in associative memory observed in Dolabrifera (Fig. 2) is due to increased susceptibility of that memory to the passage of time, or its susceptibility to extinction due to the repeated unreinforced presentations of the CS + during the post-training period. Clearly, future experiments will need to include a control that receives training but delivers only a test at 30 min. If time is the only issue, such a group should show no learning. If extinction is the only issue, that group would be expected to retain the separation between Paired and Unpaired reflexes shown at the 15-min test in Figure 2 . Until these important experiments can be performed, we can only conclude that associative memory in Dolabrifera is less stable, either due to the passage of time or the decrementing effect of unreinforced stimuli.
At an adaptive level, these results raise the possibility that the interspecific variation in associative memory identified here reflects differences in each species' ecology. Because we have little, if any, idea of the adaptive significance of differential conditioning for sea hares in nature, it is premature to propose an adaptive hypothesis. Alternatively, we can hypothesize that the stability of associative memory is a pleiotropic effect of heterosynaptic modulation, the most important function of which may relate to nonassociative behavioral sensitization. Indeed, the fact that sensitization is reduced in Phyllaplysia (Erixon et al. 1999) and unmeasureable in Dolabrifera (Wright 1998 ) leaves open the possibility that sensitization is the evolutionarily important phenotype, rather than classical conditioning. The adaptive value of sensitization in sea hares is scarcely better understood than that of classical conditioning. However, it is reasonable to assume that sensitization, a generalized increase in reflex withdrawal following a noxious stimulus, protects individuals from repeated damage by some ecological agent, such as a predator (Pennings 1990; Nolen et al. 1995; Rogers et al. 2002) . Preliminary observations (Ross et al. 2006; Thomas et al. 2006) in my lab demonstrated that sublethal attack by two natural predators of Aplysia causes significant sensitization in tail-mantle and head withdrawal, but whether such behavior change protects individual Aplysia from subsequent attack remains to be seen.
Interestingly, the habitats of the other two species with compromised sensitization are relatively free of predators. In particular, Phyllaplysia in the northeastern Pacific lives exclusively in thick eelgrass beds at the sea surface (Ricketts et al. 1985) , safe from any benthic predators such as crabs and benthic fish. Similarly, Dolabrifera in Hawaii lives in the narrow space under boulders resting on shallow coral gravel (Kay 1979; W. Wright pers. obs.) . Individuals only appear on boulder tops during the night, when visual predators are absent. Thus, because their habitats are already relatively predator free, reduction or loss of sensitization may offer these two species considerable savings in energy and/or time. If this view is correct, the shorter associative memory observed in the present study in these two species could be a relatively harmless nonadaptive consequence of selection against sensitization. Clearly, a better understanding of the behavioral ecology of these three species will help resolve these possibilities.
Materials and Methods
Animals and preparation
Wild-caught Aplysia californica, Phyllaplysia taylori, and Dolabrifera dolabrifera of similar size (3-4 cm) were used. Aplysia and Phyllaplysia were collected in temperate waters (Alacrity Marine, Redondo Beach, CA; David Duggins, Friday Harbor, WA), while Dolabrifera was collected from Hawaii (Karen Maruska, Kaheole, HI). Specimens were held in small aquaria at 15°C (Aplysia and Phyllaplysia) or 25°C (Dolabrifera). Animals were utilized within 7 d and were not fed during this time.
A Teflon-coated platinum electrode wire (0.002Љ diameter, A-M Systems, Inc.) was inserted through the neck of each subject, 24 h prior to experimentation, and specimens were placed in an experimental chamber 10-15 min before the experiment. Filtered oxygenated water (15°C for Aplysia and Phyllaplysia, 25°C for Dolabrifera) was circulated through the experimental chamber throughout the experiment.
Experimental procedure
Animals were given weak tactile stimuli to either side of the tail, and noxious electrical stimuli through a neck-inserted electrode. The tactile stimuli were administered with a blunt rod (2-mm diameter), attached to a spring-loaded syringe. This apparatus was pneumatically powered through a Picospritzer (General Valve Corporation) and a digital stimulator (S8800; Grass Electronics) to give a short barrage (500 msec; 20 Hz) of tactile stimulation. The air pressure was set to the level that caused a clearly observable tail-mantle withdrawal reflex. The noxious stimulus was delivered through the electrodes inserted in the neck (500 msec; 20 Hz). Shock intensity was set for three times the threshold (6-10 V, individually tested for each animal) for an observable response.
During pre-training, the tail-mantle reflex was elicited with tactile stimuli to each side of the tail (three pre-test stimuli, 2.5 min. between each side). Training (differential conditioning) commenced 2.5 min after the last pre-test. Training consisted of five bouts of paired stimulation, in which mild tactile stimulation of one of the pre-test sites (the paired side) was paired with the noxious neck stimulus. The unpaired pre-test site was similarly stimulated five times, but without being paired to the nox-ious stimulus. Paired and unpaired training trials were spaced at 2.5-min intervals. After training, each individual received four post-tests, tactile stimulation on both CS + and CS ‫מ‬ sites, at 15, 20, 25, and 30 min after training.
All tail-mantle reflexes were videotaped, and the analysis of reflex amplitude was later performed by an observer who was ignorant of which CS was paired with the US. This observer scored the time of the tail-mantle withdrawal reflex from its onset until it had relaxed to >70% of its original position (Wright 1998) .
Statistics
We tested for learning in each species by performing repeatedmeasures ANOVA using the MIXED-LINEAR analysis in the Statistics Package for Social Sciences (SPSS). This approach to repeated measures is particularly good for experiments like ours because it does not exclude subjects that have one or two missing observations (ca 30% of subjects in our experiments). For each species, we began by performing a two-way ANOVA on the entire set of reflex responses (pre-and post-training response durations) to detect significant main effects of Training (Paired vs. Unpaired; within-subject effect) and Trials (1-7; within-subject effect). A significant interaction between Training and Trials indicates either a particularly strong acquisition of learning or a rapid change in the strength of the memory after training. To focus on the latter quality, we then performed the same two-way ANOVA, but only on the reflex withdrawals after training. In order to test the significance of individual reflexes, we performed repeated measures t-tests on the four post-training reflexes relative to their mean pre-training reflex. We also used a repeated measures t-test to test whether the Paired and Unpaired reflexes were significantly different from each other. For all individual t-tests, we adjusted the critical ␣ level using the Bonferroni correction for multiple (in our case four) comparisons.
We also compared the memory of each pair of sea hares by performing a repeated measures three-way ANOVA with Trials and Training as within subject (repeated) measures, and Species as a between-subject measure. As with the single species ANOVAs, we did two analyses, one on all of the data, and one on the post-training reflexes alone.
